ISSN 1738-3935 (Print)

New & Renewable Energy 2026. 3 Vol. 22, No. 1 ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2026.2033

[2026—-3-LC—001]

M) Check for updates

QUASIELL

Miyeon Yoo

Received 17 September 2025 Revised 21 December 2025 Accepted 19 January 2026 Published online 1 February 2026

ABSTRACT TDLAS (Tunable Diode Laser Absorption Spectroscopy) is in the spotlight because it can provide important information
to the real-time operation of the system in a non-contact method. However, all analyzers have a measurement range. TDLAS also has
difficulty in analyzing because the light absorption signal appears as an optically thick condition when the gas concentration
fluctuation is large. In this paper, a solution to the problem is presented. As a result of reconstructing the light absorption distribution
function through a numerical analysis algorithm that proposed the light absorption signal in an optically thick condition, the
possibility of concentration analysis in an optically thick condition was verified by evaluating the error rate against a standard gas.

Key words Carbon monoxide(JA+3}gkAr), Tunable diode laser absorption spectroscopy(3H371H & tho] @ & g o] A S E3g+1]),
Optically thick condition(338+4 1}d AFel]), Signal reconstructure(4] & A ++4]), Concentration(-51=)

Nomenclature k :boltzmann constant J/K

-1
-1 E*“ :energy level, cm
Vg : center wavenumber, cm

. -1
Av, : lorentz broadening, cm

o

.+ Spectral absorption coefficient, cm™
Avp: gaussian broadening, cm™

S : linestrength, cm”atm”

P : Pressure, atm Avy : voigt broadening, cm’!
T : temperature, K L : optical pathlength, cm

I :transmitted laser intensity, V M- - molar mass, gmol'l

Iy : incident laser intensity, V

h : planck’s constant, Js Subscript

¢ :speed of light, cm/s Cco : carbon monoxide

TDLAS :tunable diode laser absorption spectroscopy

. . . E/C sensor : electro-chemical sensor
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DFB : distributed feedback Laser
DAQ : data acquisition system

MFC : mass flow controller
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Fig. 1. Conventional optical absorption signal and Optically
thick absorption signal
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Table 1. Partition function coefficient of absorption molecule
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co(*c*®o)
W e b S 9
(70}500) 3.86E-01 | 3.61E-01 | 3.25E-06 | 0.07
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(1500513000) 8.597E-01| 1.76E-01 | 1,22E-04 0.03
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Table 2. Results of analysis by CO gas concentration

ref, gas (%) TDML,A227é;§ erSTi]Sq)(%) E/C sensor (%)
0.1 0.09 0.10
0.2 0.19 0.20
0.4 0.39 0.40
0.8 0.79 0.79
1.2 1.18 1.19
1.6 1.54 1.60
2.0 1.90 2.04
4.0 3.85 4,01
Reconstruction
analysis
8.0 8.00 8.05
12.0 12.03 11,83
16.0 16.03 14,92
20.0 19.98 17.50

Table 3. Comparison error rate with reference gas

ref, TDLAS Difference E/C Difference
gas (%) | analysis (%) | Error (%) | sensor (%) | Error (%)
8.0 8.00 0 8.05 0.6
12.0 12,03 0.25 11.83 1.4
16.0 16.03 0.18 14,92 6.7
20.0 19.98 0.1 17.50 12.5
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